Background: Considerable resources are devoted to producing knowledge about cancer, which in turn is disseminated to policymakers, practitioners, and the public. Online media are a key dissemination channel for cancer research. Yet which cancer research receives media attention is not well understood. Understanding the characteristics of journal articles that receive media attention is crucial to optimize research dissemination.
INTRODUCTION
The United States (US) federal government is the largest funder of cancer research in the world.
[1] Thus, as a public good, it is imperative that the results from federally-funded cancer research be optimally disseminated to all stakeholders, including clinicians, funders, policymakers, and the public. The mass media play a key role in this dissemination. [2] [3] [4] [5] To this end, scientific journals have adopted media outreach strategies, such as the Journal of the National Cancer Institute's "Memo to the Media," to facilitate research dissemination.
Media coverage is critical to health communication across the cancer continuum with particular influence on cancer perceptions and the preventive and screening behaviors among the public. [6] [7] [8] Yet little is known about the alignment between the characteristics of federallyfunded research articles and how they are covered in the media. This is especially true in light of the expanding nature of the digital media landscape. Such a lack of knowledge impedes the identification and mitigation of any potential discrepancies between the state of the research and what is depicted in the media. Additionally, it disadvantages the public because people may not be exposed to relevant research for making personal health decisions.
In the US, cancer is the most covered disease in the news [9] and the public relies on this coverage as a key source of cancer information. [10, 11] In turn, news reports of cancer research help shape public cancer beliefs, [7, 8, 12] subsequent prevention and detection behaviors, [13, 14] and treatment preferences. [4] Thus, a mismatch between media attention and available evidence can be problematic. For example, past content analyses found breast, blood, and pancreatic cancers to be overrepresented in the news relative to their actual prevalence, while male reproductive, lymphatic, and thyroid cancers were underrepresented relative to prevalence. [5, [15] [16] [17] Prevention and detection research also tended to receive less news coverage than other stages of the cancer continuum, such as cancer treatment. [5, 8, 17] While these prior media content analyses provide valuable information, they are based on data more than 15 years old, do not focus specifically on coverage of research and narrowly focus their analysis on selected mainstream news outlets. For example, researchers in 2010 analyzed 13 mainstream print newspapers and magazines from 2005-2007, deciding to exclude online and niche news organizations. [18] Thus, existing research fails to account for today's broad spectrum of online media that encompasses traditional online news sources as well as trade publications, health and science news aggregators, and press release wire services.
The current study aims to characterize and analyze cancer research articles funded by the US government, including those featured in a collection of more than 2000 online media sources.
This analysis provides funders, scientists, and policymakers with an understanding of the dissemination of federally-funded research via online media-information useful in future dissemination and funding initiatives. Additionally, this study provides a replicable method for tracking and analyzing the outputs of funded research across a range of online media, which is critical as traditional news media are no longer the only, nor the primary sources, of health information for the public.
[19]
METHODS
We conducted a cross-sectional study to examine journal articles on cancer funded by the US government and published in 2016. To facilitate transparency and replication of our methods, we have made our computer code and the project's complete data set publicly accessible at: https://zenodo.org/record/1306985#.W0CYqhJKh24.
We focused on the cancer types most frequently diagnosed in the US, excluding nonmelanoma skin cancers. These include cancers of the lung, colon and rectum, pancreas, breast, Articles indexed with MeSH terms for a common cancer or a respective child term were counted as being about that particular cancer (eg, an article indexed with "Leukemia, Plasma
Cell" was counted toward the parent term "Leukemia"). When terms for more than one cancer type were included in an article, we counted the article as an occurrence of each cancer. We categorized articles not described by at least one of these prevalent cancer types as "other." Due to a lack of standardized terminology for stages of the cancer continuum, we partitioned the continuum into stages: prevention and control, diagnosis, and treatment. We utilized corresponding MeSH qualifiers "prevention and control", "diagnosis", and "therapy" to identify articles applying to different stages in the cancer control continuum. release news wires such as BusinessWire and PR Newswire. In this study, we consider all these sources in our definition of "media." (For a listing of media sources, see Altmetric. [22] )
Statistical Analysis
Descriptive statistics were calculated to provide a baseline understanding of the frequency and proportions of journal article characteristics, as well as identify potential differences in the types of cancers and related stages of the cancer continuum covered:
prevention/control, diagnosis, and treatment distributed across articles. Subsequently, we examined the frequency and proportions of media mentions received by the articles. Analyses were conducted using SPSS version 21 and Microsoft Excel 365 ProPlus.
RESULTS
We identified 200264 articles in PubMed on cancer published in 2016. Of these, 11436 (5.7%) reported a US government funding source (all subsequent analysis refers to this subset of n = 11436, unless otherwise specified). The majority of US government-funded articles received funding from the National Institutes of Health (NIH; Table 1 ) and many received a combination of funding from US government and non-US government sources, such that there were 19944 total funding sources across all articles. Articles with multiple funding sources are counted once for each source.
All 13 common forms of cancer were the subject of at least one journal article (Table 2) (Table 3 ). Figure 2 ). Across the 13 most common cancer types, 4.4% (n = 206) of articles focused on prevention and control, 11.7% (n = 550) on diagnosis, and 10.7% (n = 502) on therapy. * Articles may address more than one stage in the cancer continuum. Therefore, these two totals do not reflect unique articles Articles may address more than one stage in the cancer continuum. Therefore, these two totals do not reflect unique articles.
Mentions in Online Media
A total of 1925 (16.8%) of cancer research articles were mentioned in online media at least once. The majority (n = 9511, 83.2%) of journal articles did not receive a media mention do (median = 0, mean = 1.84, SD = 11.98, range = 0-462). Of the 1925 articles that did receive at least one media mention: 735 received just one mention (6.4%), 198 received 2 mentions (1.7%), and 992 (8.8%) received 3 or more mentions. Four articles received over 300 mentions (Table 5 ).
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The frequency of media mentions differed across cancer types (Table 6 ; Figure 3 ). The proportion of journal articles, by cancer type, receiving at least one media mention ranged from 7.0% of thyroid cancer articles to 24.8% of melanoma articles. Thus, while breast cancer had the largest total number of articles with one or more media mentions (251), melanoma articles received the largest relative proportion of coverage (24.8%). In other words, while breast cancer research may have the widest reach in terms of absolute number of online media mentions, a larger proportion of journal articles on melanoma are being mentioned online. 
DISCUSSION
Media coverage is a key access point to cancer information for the public. 10, 11] Approximately one out of every six articles reporting a US government funding source received media attention. For the public to receive useful information to guide health, it is imperative that the information disseminated to the public be accurately interpreted and aligned with available 15 to at evidence. [33] Our findings provide stakeholders a valuable formative landscape of the current dissemination of federally-funded cancer research captured across a spectrum of online media attention, including traditional news sources as well as trade publications, health and science news aggregators, and press release wire services. Looking to the future, our approach provides funder groups, such as the NCI and NIH, with a replicable method for tracking outputs from their research portfolio as they appear in online media.
Alignment with previous literature
While journal articles spanned all common cancer types, they were not represented in proportions mirroring estimates of cancer burden. Similar to earlier findings, [5] breast cancer was the most-published-on cancer type, with more than double the frequency of the second-most focused-on cancer, despite breast cancer causing fewer deaths than lung, colon and rectal, and pancreatic cancer. Prior research found a similar mismatch between the cancers prominent in the scientific literature and those with the highest actual burden (ie, prevalence, incidence, or mortality). [5, [15] [16] [17] This misalignment is noteworthy and the public, physicians, policymakers, and the media should understand that the research volume does not necessarily indicate the severity or population-level burden of the disease. It should also be noted that a complex set of factors, including investigator-initiated research proposals and available funding, influences scientific research.
Published articles disproportionately represented the stages of the cancer continuum, with prevention and control research accounting for a smaller proportion than diagnosis or treatment research. This echoes prior research findings [5, 8, 17] highlighting an underrepresentation of prevention-focused research. Notably, there were a number of cancers (eg, lung, melanoma) with a surprisingly low amount of prevention/control research represented in this sample.
Media mentions were somewhat comparable across the 13 common cancers: Around onefifth to one-quarter of journal articles on each cancer type received media attention (with the exception of thyroid cancer, which was substantially lower). However, similar to publication volume, the volume of media mentions per cancer type was disproportionate to actual incidence of each cancer type and varied across the cancer continuum. Breast cancer was the most mentioned cancer type in online media, mirroring the higher volume of published scientific articles about breast cancer. This aligns with prior research that found certain cancers, including breast cancer, were overrepresented in news coverage relative to incidence and mortality rates. [5] Although fewer scientific articles on melanoma were published during this same period, melanoma research had the highest amount of relative media attention, or percent of articles receiving media mentions (24.8%). We also found limited media attention to cancer prevention and detection research across the top 13 cancer types, consistent with past studies. [5, 15] 
Limitations
Due to the nature of our methods, we may have inadvertently excluded articles. For Researchers have found that online media attention to scientific articles about cancer treatment correlates positively with the presence of media outreach. [38, 39] Thus, unsurprisingly the top 10 articles receiving the most media attention were published in journals that engage in outreach and dissemination activities. For example, four of the articles appear in the JAMA Network. The JAMA Network promises prospective authors a dedicated media team and formal press office that provides journalists early access to articles, writes press releases, and creates video and audio recordings of scientists discussing their findings. Similar services are provided by the Lancet, Science, and Nature publishing groups, which account for all but one of the top ten articles. This suggests an important role for targeted media outreach in ensuring that a broader range of scientific research receives online media coverage. Scientists, universities, and smaller scientific journals may wish to model these media outreach practices. Additionally, a need likely exists for more affordable outreach and dissemination services.
Media are recognized as an important channel for knowledge dissemination. Specifically, it will be useful to understand how marketing/communications teams can work with researchers to connect media more directly with emerging scientific research.
As a strength of this research, we included a broad mix of online media organizations, including traditional news media, broadcast organizations, trade publications, health and science news aggregators, and press release wire services and public relations platforms. This broad inclusion is critical as traditional news media are no longer the only sources, nor the primary sources, of health information for the public.
Thus, our findings provide a unique understanding of dissemination of the results of federally-funded cancer research in the broader landscape of online media. This benchmark can be used to evaluate future dissemination and funding initiatives that take into consideration the new information landscape that reaches far beyond traditional news media.
